Culling reasons in organic and conventional dairy herds and genotype by environment interaction for longevity  by Ahlman, T. et al.
  
 
 Culling reasons in organic and conventional dairy herds and genotype 
by environment interaction for longevity 
 T.  Ahlman ,1  B.  Berglund ,  L.  Rydhmer , and  E.  Strandberg 
 Department of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, SE-750 07 Uppsala, Sweden 
 ABSTRACT 
 Dairy cow longevity combines all functional traits 
and is thought to be especially important in organic 
production, which is an established, increasing part of 
Swedish dairy production, representing approximately 
6% of the market. The aim of this study was to com-
pare dynamics in culling reasons between organic and 
conventional production and to analyze genotype by 
environment interactions for longevity. The data con-
tained information from all organic herds with infor-
mation available from official recording (n = 402) and 
from approximately half of the conventional herds (n = 
5,335). Records from Swedish Holsteins (n = 155,379) 
and Swedish Red cows (n = 160,794) that had their 
first calf between January 1998 and September 2003 
were included. The opportunity period for longevity 
was at least 6 yr. Six longevity traits were defined: 
length of productive life; survival through first, second, 
and third lactations; fertility-determined survival; and 
udder health-determined survival. Twenty codes were 
used to describe the cause of culling, and these were 
divided into 8 groups: udder health, low fertility, low 
production, leg problems, metabolic diseases, other 
diseases, other specified causes, and unspecified cause. 
The main reason for culling cows in organic herds was 
poor udder health, whereas for cows in conventional 
herds it was low fertility. Furthermore, the shift in main 
culling reason from fertility, which was most common 
in first lactation regardless of production system, to 
udder health occurred at a lower age in organic pro-
duction. Heritabilities and genetic correlations for the 
longevity traits expressed in organic and conventional 
herds were estimated from a bivariate animal model. 
The genetic correlations were close to unity (>0.88), 
except for fertility-determined survival in the Swedish 
Red breed (0.80). Heritabilities were low to moder-
ate, and no clear pattern was identified for production 
system or breed. In general, the results indicate that 
farmers’ culling criteria differ between organic and 
conventional production. Different preferences may 
influence the need for alternative selection indexes for 
organic production, with different weightings of traits, 
or a separate breeding program. However, no genotype 
by environment interaction of importance was found 
between the production systems. 
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 INTRODUCTION 
 Organic agriculture is based on 4 ethical principles: 
health, ecology, fairness, and care (IFOAM, 2005). Ac-
cording to these principles, organic dairy production 
systems should promote cow health and welfare; for 
example, by using robust cows that are well adapted 
to the organic farm environment. Robustness can be 
described as a cow’s ability to function well in the en-
vironment in which it lives (Strandberg, 2009) and is 
reflected by longevity; that is, the cow’s ability to avoid 
being culled. Culling is often described as voluntary 
(mainly due to low production) or involuntary (e.g., 
due to low reproduction or disease). The relationship 
between longevity and animal health and integrity 
makes longevity a highly desirable trait in organic dairy 
production. 
 Involuntary culling is necessary to reduce suffering in 
individual animals, but a high proportion of involun-
tary culling in the herd indicates poor animal welfare 
and inefficient use of animal resources, which oppose 
sustainable dairy production. Moreover, involuntary 
culling has detrimental effects on farm economy; farm-
ers should therefore strive for less involuntary culling to 
allow more voluntary culling (Weigel et al., 2003). In-
formation about the main reasons for culling in organic 
production is limited. Rozzi et al. (2007) found that 
fertility and mastitis were the most common reasons for 
culling in organic herds in Canada, followed by feet and 
legs, and milk production. Fertility was also the main 
reason for culling in conventional herds, followed by low 
production and mastitis. In a Swedish study, the rate 
of culling due to mastitis was found to be similar in 26 
organic herds and 1,102 conventional herds (Hamilton 
et al., 2006). 
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The organic share of Swedish dairy production is 
steadily increasing and represented almost 6% of the 
market in 2007 (Swedish Ecological Farmers Associa-
tion, 2008). However, organic farmers in Sweden, as in 
most other countries, are dependent on conventional 
breeding programs. Longevity is considered in the 
Swedish breeding goal and the genetic trend is posi-
tive, in contrast to the international trend (Mark et al., 
2005). Nevertheless, genetic progress may be limited in 
organic production if genotype by environment interac-
tion (G×E) exists between organic and conventional 
production environments; that is, if different genes are 
important in the different production systems. The 
main differences between organic and conventional 
dairy production, which may generate G×E, are relat-
ed to feeding regimens and medical treatments. These 
differences are described in detail by Sundberg et al. 
(2010). Genotype by environment interactions can re-
sult in different scaling between the environments (i.e., 
the difference between animals varies) or in reranking 
of bulls between the environments. Occurrence of G×E 
is often analyzed as a genetic correlation different from 
unity, between 1 trait expressed in 2 different environ-
ments (Falconer and Mackay, 1996).
Genotype by environment interactions between organ-
ic and conventional dairy production have been found 
in the Holstein breed for production in the Netherlands 
(Nauta et al., 2006b) and for fertility traits in Sweden 
(Sundberg et al., 2010). These findings indicate that 
that some animals within the breed are better suited for 
the organic production environment than others. Geno-
type by environment interaction for longevity between 
organic and conventional production has, according to 
our knowledge, not been published. However, a genetic 
correlation of 0.74 for length of productive life between 
the systems was given in a German report (Simianer et 
al., 2007).
Studies of G×E for longevity traits are scarce. Haile-
Mariam et al. (2008) showed high genetic correlations 
(>0.9) for survival to second lactation between differ-
ent calving systems or regions in Australia, whereas 
Forabosco et al. (2009) showed that genetic correlations 
between Interbull member countries range from 0.49 to 
0.76 for Holstein and from 0.30 to 0.96 for Red Dairy 
cattle. However, these genetic correlations differed from 
unity not only because of G×E interactions but also be-
cause of differences in trait definitions and weak genetic 
ties between countries.
It is important to study the occurrence of G×E for 
longevity between organic and conventional production 
because longevity combines all functional traits and is 
important for the economy of dairy production. Nonex-
isting or weak G×E for subtraits such as fertility and 
mastitis does not fully explain whether G×E exists for 
longevity because longevity to a large extent depends on 
farmers’ choices. Differences in how farmers weight the 
traits connected to cow longevity influence the occur-
rence of G×E and longevity must therefore be analyzed 
separately. Comparisons of culling patterns between 
the 2 production systems may also indicate differences 
in farmer preferences and differences regarding culling 
criteria. Farmer preferences are based on both economic 
and ethical considerations and, like knowledge of G×E, 
they are important factors when discussing the need 
for different breeding values or breeding programs in 
organic and conventional production.
The overall objective of this study was to analyze 
and compare cow longevity in organic and conventional 
dairy production systems in Sweden. This was done by 
(1) analyzing reasons for culling in organic and conven-
tional herds, (2) investigating the occurrence of G×E 
for longevity traits between the 2 production systems, 
and (3) estimating heritabilities for longevity traits in 
organic and conventional production. These analyses 
were performed on the 2 major dairy breeds in Sweden, 
the Swedish Holstein and the Swedish Red breed.
MATERIALS AND METHODS
Data Description
Data and pedigree information were obtained from the 
Swedish Dairy Association (Stockholm, Sweden), and 
the Swedish organic certification organization (KRAV; 
Uppsala, Sweden) contributed information about dairy 
farms with organic plant production. A questionnaire 
was sent to these farmers to clarify if the dairy cows 
were organically managed and if so, during which years. 
Records from the year of conversion to organic man-
agement and the following year were excluded because 
these years were considered as a transitional period.
The initial data set contained records from 402 or-
ganic herds (all herds with available data) and 5,335 
randomly selected conventional herds (herds with an 
even last number in the herd identity). Farms with 
fewer than 5 calvings per year were excluded. The ge-
netic ties between the organic and conventional data 
material were investigated in a previous study of the 
same data material (Sundberg et al., 2010), showing 
that approximately 17% of the Swedish Holstein bulls 
and 22% of the Swedish Red bulls had daughters in 
both production systems, respectively. The data con-
tained information from 155,379 Swedish Holstein and 
160,794 Swedish Red cows, all with their first calving 
between January 1998 and September 2003. Cows that 
were still alive in September 2009 (2,153 Holstein and 
1,957 Swedish Red cows) were given a fictitious date of 
culling: September 30, 2009. The opportunity period 
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for culling was thus at least 6 yr. Reason for culling was 
registered for 139,669 Swedish Holstein and 146,865 
Swedish Red cows. For the genetic analysis, the herd-
year-season classes should have at least 4 observations, 
which reduced the available data to 124,471 Swedish 
Holstein and 127,604 Swedish Red cows. The organic 
share of these records was 4.4% for the Swedish Hol-
stein and 7.0% for the Swedish Red breed.
Trait Definitions
Calving and culling information were used to define 
longevity traits. Productive life (PL) was calculated 
as number of days from first calving to day of culling. 
Three survival traits were defined: survival through first 
lactation (S1), survival through second lactation (S2), 
and survival through third lactation (S3). Survival was 
coded as 1 if the cow survived that lactation, indicated 
by a next calving, and coded as 0 if the cow was culled 
during that lactation and as missing if the cow had died 
before that lactation. Furthermore, 2 traits describing 
whether the cow was culled due to low fertility or poor 
udder health were defined: fertility-determined survival 
(FS) and udder health-determined survival (UHS). The 
traits were coded as 1 if the cow was not culled because 
of low fertility or poor udder health, respectively, and 
coded as 0 if the cow was culled due to these problems. 
For example, a cow that was culled due to mastitis in 
her second lactation would have following records: S1 = 
1, S2 = 0, S3 = missing, FS = 1, UHS = 0, and a record 
for PL depending on when she was culled.
Culling Reasons
Culling reasons were recorded by the farmers, and 20 
codes were used to describe the primary cause of cull-
ing. Secondary causes were registered for only 9% of the 
cows and were not further analyzed. The codes were 
divided into 8 groups: udder health (mastitis or high 
SCC), low fertility (low fertility or not pregnant), low 
production, leg problems (claw disease or leg suffering), 
metabolic diseases (ketosis or parturient paresis), other 
diseases (bovine viral diarrhea or unspecified disease), 
other specified causes (teat injury, dystocia, poor milk-
ability, abortion, high age, poor temperament, injury, 
deformed teat or udder), and unspecified cause. The 
specific code for unspecified cause was used for 19% 
of the Swedish Holstein and 16% of the Swedish Red 
cows.
Statistical Analysis
Version 9.2 of SAS software (SAS Institute Inc., 
Cary, NC) was used for data editing, and the FREQ 
procedure was used to analyze reasons for culling in 
organic and conventional production. Chi-squared test 
was used to investigate the level of significance. The 
pedigrees for Swedish Holstein and the Swedish Red 
breed were traced as far back as possible. Genetic cor-
relations and heritabilities for 6 longevity traits (PL, 
S1, S2, S3, FS, and UHS), expressed in organic and 
conventional herds, were estimated from a bivariate 
animal model, using the DMU package (Madsen and 
Jensen, 2008). To test if the genetic correlations were 
significantly different from 1, a one-sided 5% test (1.645 
× SE) was used. The following model was used for the 
analysis:
yijkl = μ + HYSi + agej + ak + eijkl,
where yijkl = observation on the animal; μ = overall 
mean; HYSi = random effect of herd-year-season of 
first calving (2 seasons were used: April–September 
and October–March); agej = fixed effect of age at first 
calving (20, 21, … 35 mo); ak = random effect of the 
individual animal ~ND(0; A ⊗ G0), where A is the ad-
ditive genetic relationship matrix, G0 is a matrix with 
(co)variances of traits measured in the 2 different pro-
duction systems, and ⊗ is the Kronecker product; and 
eijkl = random residual effect ~ND(0; I ⊗ R0) where I 
is an identity matrix and R0 is the environmental (co)
variance matrix.
RESULTS
Average Values for Longevity Traits
The mean PL in Swedish Holstein was 1,154 d in 
organic production and 1,087 d in conventional pro-
duction. In the Swedish Red breed, the corresponding 
means were 1,159 and 1,045 d (Table 1). The distribu-
tion was skewed, resulting in medians lower than the 
means. The median for PL in organic and conventional 
production was 994 and 900 d for Swedish Holstein, 
respectively, and 995 and 872 d in the Swedish Red 
breed. The means for the survival traits were generally 
higher in organic production, except for UHS, which 
was lower in organic production than in conventional 
(Table 1).
Reasons for Culling
The overall most common reason for culling in 
Swedish organic herds was poor udder health (26.7%) 
followed by low fertility (23.6%). The 2 main reasons 
were reranked in conventional herds (low fertility 25.9% 
and poor udder health 20.6%). Low production was the 
third most common cause of culling in both organic 
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(8.3%) and conventional (8.8%) production, and no 
significant difference was found between the systems. 
Culling for leg problems was the fourth most common 
reason for culling and was slightly, but significantly, 
higher in conventional herds (5.9% compared with 5.0% 
in organic herds), whereas other health traits did not 
differ. The overall culling pattern was the same for both 
breeds (Table 2).
The main culling reasons differed between lactations. 
In first lactation, low fertility was the main reason for 
culling regardless of breed or production system (Table 
3). The shift from fertility to udder health as main 
reason for culling occurred earlier in organic than in 
conventional production.
Swedish Holstein. Despite the similar ranking of 
culling reasons between the breeds, differences in mag-
nitude were observed. The proportion of cows culled 
due to udder health was especially large for Swedish 
Holstein cows in organic production, whereas the pro-
portion of cows culled due to poor fertility was lowest 
for this group of cows (Table 2). The shift from fertility 
to udder health as the main culling reason occurred 
in second lactation in organic production and in third 
lactation in conventional production (Table 3).
Swedish Red. The proportion of Swedish Red cows 
culled due to udder health or fertility was similar in 
organic production (Table 2). Fewer organically man-
aged Swedish Red cows were culled because of low pro-
duction compared with conventionally managed cows 
of the same breed. The shift in the main reason for 
culling, from fertility to udder health, occurred in third 
lactation in organic production (Table 3). In conven-
tional production fertility was still the main reason for 
culling in third lactation.
Genetic Correlations
In Swedish Holstein, the genetic correlations esti-
mated for the 6 longevity traits between organic and 
conventional production were all >0.88 and not signifi-
cantly different from unity (Table 4). In the Swedish 
Red breed, the genetic correlations estimated were close 
to unity (>0.96) for all traits except FS, for which the 
genetic correlation was 0.80 and significantly different 
from unity (Table 4).
Heritabilities
The heritabilities estimated for 6 longevity traits in 
Swedish Holstein and Swedish Red cows under organic 
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Table 1. Means and standard deviations (in brackets) for Swedish Holstein and the Swedish Red in organic 
and conventional production 
Trait1
Swedish Holstein Swedish Red
Organic Conventional Organic Conventional
PL 1,154 (786) 1,087 (791)  1,159 (787) 1,043 (759)
S1 0.75 (0.43) 0.72 (0.45)  0.77 (0.42) 0.73 (0.44)
S2 0.63 (0.48) 0.60 (0.49)  0.63 (0.48) 0.61 (0.49)
S3 0.43 (0.50) 0.44 (0.50)  0.46 (0.50) 0.45 (0.50)
FS 0.80 (0.40) 0.78 (0.41)  0.78 (0.41) 0.76 (0.43)
UHS 0.72 (0.45) 0.79 (0.40)  0.78 (0.41) 0.83 (0.34)
1PL = productive life (days from first calving to culling); S1, S2, and S3 = survival through lactations 1, 2, and 
3, respectively (survival = 1 if the cow survived that lactation; = 0 if the cow was culled during that lactation; 
= missing if the cow died before that lactation); FS = fertility-determined survival (1 = cow was not culled 
due to fertility; 0 = cow was culled due to fertility); UHS = udder heath-determined survival (1 = cow was not 
culled due to udder health; 0 = cow was culled due to udder health).
Table 2. Percentage of cows culled for various reasons in organic and conventional (Conv.) production for 
Swedish Holstein and Swedish Red cows1 
Cause of culling
Swedish Holstein Swedish Red
Organic Conv. P-value Organic Conv. P-value
Udder health 30.7 22.5 <0.0001  24.1 18.7 <0.0001
Low fertility 21.9 24.8 <0.0001  23.8 26.9 <0.0001
Low production 5.6 6.2 0.0417  10.1 11.3 0.0004
Leg problems 5.3 6.6 0.0002  4.7 5.2 0.0432
Metabolic diseases 2.1 2.2 0.6192  1.6 1.8 0.1235
Other diseases 3.0 2.9 0.6052  2.2 2.6 0.0274
Other specified causes 14.1 15.2 0.1725  17.1 17.2 0.7456
Unspecified cause 17.3 19.6 <0.0001  16.4 16.3 0.6560
1Cows with missing culling reasons were not included.
and conventional management were low to moderate 
(Table 5). For PL, the heritabilities were between 0.09 
and 0.18, and for S1 to 3 the heritabilities were in the 
range from 0.01 to 0.30, with a clear increase in herita-
bility with higher lactation number. The heritabilities 
estimated for FS and UHS were 0.03 to 0.06 and 0.05 
to 0.06, respectively. No clear pattern was identified 
regarding production system or breed.
DISCUSSION
Average Values for Longevity Traits
Length of PL and most survival traits included in 
this study indicate higher longevity and thereby lower 
replacement rate in organic production. This is in 
agreement with Reksen et al. (1999), Hardeng and 
Edge (2001), and Sundberg et al. (2009), whereas 
Bennedsgaard et al. (2003) and Fall et al. (2008a) found 
similar replacement rates in organic and conventional 
herds. The risk of being culled due to poor udder health 
was, however, greater for organically managed cows. 
The differences in culling due to poor udder health 
between production systems may be due to differences 
in performance of cows in the different environments, 
or to differences in culling criteria because of ethical 
considerations.
Reasons for Culling
The main reason for culling differed between organic 
and conventional production. In organic herds most 
cows were culled due to poor udder health, whereas 
cows in conventional herds were most commonly culled 
due to low fertility. In an earlier Swedish study (Sund-
berg et al., 2009), we showed that the SCC is higher in 
organic herds, whereas fertility is lower in conventional 
herds, in all parities. This means that in spite of high 
culling for poor udder health, for example, in organic 
herds, SCC in later lactations was still higher than in 
conventional herds.
No consistent patterns in culling can be found for 
fertility or udder health in organic versus conventional 
production in the literature (e.g., Reksen et al., 1999; 
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Table 4. Number of observations and genetic correlations (with standard errors) between organic and 
conventional dairy production for Swedish Holstein and the Swedish Red breed 
Trait1
Swedish Holstein Swedish Red
n Genetic correlation n Genetic correlation
PL 124,471 1.00 (0.07) 127,604 0.96 (0.03)
S1 124,471 1.00 (0.34) 127,604 1.00 (0.08)
S2 90,242 0.88 (0.11) 93,889 0.97 (0.04)
S3 53,873 1.00 (0.10) 57,376 0.97 (0.03)
FS 124,471 0.88 (0.19) 127,604 0.80 (0.12)*
UHS 124,471 0.90 (0.12) 127,604 0.98 (0.06)
1PL = productive life (days from first calving to culling); S1, S2, and S3 = survival through lactations 1, 2, and 
3, respectively (survival = 1 if the cow survived that lactation; = 0 if the cow was culled during that lactation; 
= missing if the cow died before that lactation); FS = fertility-determined survival (1 = cow was not culled 
due to fertility; 0 = cow was culled due to fertility); UHS = udder heath-determined survival (1 = cow was not 
culled due to udder health; 0 = cow was culled due to udder health).
*Significantly different from unity, one-sided 5% test (1.645 × SE).
Table 3. Percentage of cows culled for various reasons in organic and conventional (Conv.) production for 
Swedish Holstein and Swedish Red cows in first, second, and third lactations 
Cause of culling
Swedish Holstein Swedish Red
Organic Conv. P-value Organic Conv. P-value
Lactation 1        
 Udder health 20.6 15.5 <0.0001  15.9 12.6 <0.0001
 Low fertility 30.9 31.7 0.5314  31.7 33.8 0.0419
 Low production 7.8 8.8 0.1565  11.5 12.8 0.0701
Lactation 2        
 Udder health 32.2 23.2 <0.0001  23.6 17.7 <0.0001
 Low fertility 23.2 27.3 0.0002  24.5 28.9 <0.0001
 Low production 6.0 6.7 0.2790  12.6 12.8 0.7085
Lactation 3        
 Udder health 36.6 26.2 <0.0001  28.1 21.5 <0.0001
 Low fertility 18.3 20.4 0.0411  20.1 23.6 <0.0001
 Low production 4.5 4.8 0.5028  9.1 10.4 0.0311
Nauta et al., 2006b; Fall, 2009). The results of the pres-
ent study show large differences between the produc-
tion systems regarding the proportion of cows culled 
due to poor udder health, contrary to the results of 
Hamilton et al. (2006), who found a similar rate of cull-
ing due to mastitis in a small study of Swedish organic 
and conventional herds. Our results agree with results 
by Rozzi et al. (2007) who showed that in Canadian 
organic herds, mastitis and fertility are the most com-
mon reasons for culling. However, whereas mastitis 
and fertility are equally common reasons for culling in 
Canada, the main reason for culling in Swedish organic 
herds is poor udder health. Contrary results are prob-
ably due to differences in organic standards, conditions 
for conventional production, trait definition, and meth-
ods of analysis. In the present study, a large proportion 
of the cows (19% of the Swedish Holstein and 16% of 
the Swedish Red cows) had no specified cause of cull-
ing. However, we do not believe that farmers’ use of the 
code “unspecified cause” is connected to any specific 
reason for culling. The use of this code is therefore not 
likely to affect the results.
It has generally been assumed that organically man-
aged cows are at a higher risk of negative energy bal-
ance in early lactation, i.e., the energy intake is less 
than the energy required, due to the lower proportion 
of concentrate in organic rations (Hardeng and Edge, 
2001; Nauta et al., 2006a). However, our results show no 
difference in culling rate due to the metabolic diseases 
that were possible to identify in the culling recording 
(ketosis and parturient paresis). Studies of metabolic 
diseases in organic and conventional production have 
shown similar incidences (Hamilton et al., 2002; Roesch 
et al., 2005; Fall et al., 2008b), indicating that or-
ganically managed cows are able to adjust their milk 
production to the feeding in organic production. Also, 
fertility is better in organic herds, a trait that could be 
expected to deteriorate with negative energy balance 
(Sundberg et al., 2009). Differences between countries, 
however, might exist because of the type of breeds used 
in organic production (high-producing dairy breeds vs. 
dual-purpose breeds), due to differences in breeding 
goals, or in the proportion of concentrate used in the 
conventional production where the selection is done.
Culling Criteria. Culling decisions are complex 
and involve knowledge of the cow’s current status and 
a prediction of its future performance. In organic pro-
duction, farmers also have to consider the organic stan-
dards when evaluating cows with poor udder health. 
The standards prescribe limited use of antibiotics and 
withdrawal periods that are usually twice as long after 
medical treatment, compared with conventional pro-
duction, which affect farm economy. Furthermore, dif-
ferences in ethical considerations between organic and 
conventional farmers may be involved, because animal 
health and integrity are thought to have a higher value 
in organic production compared with conventional sys-
tems (Verhoog et al., 2004). Thus, the higher proportion 
of cows culled due to udder health in organic produc-
tion in Sweden and the earlier shift in main culling 
reason from fertility to udder health, compared with 
conventional production, may not solely depend on ud-
der health status but also on what level of udder health 
the farmers accept. This notion is strengthened by the 
results from previous studies of udder health in Swedish 
herds that have shown only small differences between 
organic and conventional production (Hamilton et al., 
2006; Fall, 2009; Sundberg et al., 2009).
Swedish Holstein. A distinguishing characteristic 
in organically managed Swedish Holstein cows is the 
high risk of being culled due to poor udder health. Poor 
udder health is expected in this breed, but no breed 
by environment interactions of importance have been 
found in organic and conventional production in Swe-
den (Sundberg et al., 2009) and the cows are therefore 
expected to react in the same way in both systems. 
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Table 5. Heritabilities (with standard errors) for Swedish Holstein and the Swedish Red in organic and 
conventional production 
Trait1
Swedish Holstein Swedish Red
Organic Conventional Organic Conventional
PL 0.09 (0.02) 0.13 (0.01)  0.18 (0.03) 0.13 (0.01)
S1 0.01 (0.01) 0.05 (0.01)  0.04 (0.01) 0.04 (0.01)
S2 0.09 (0.03) 0.08 (0.01)  0.12 (0.02) 0.07 (0.01)
S3 0.12 (0.04) 0.20 (0.01)  0.30 (0.04) 0.24 (0.01)
FS 0.03 (0.02) 0.04 (0.00)  0.06 (0.02) 0.03 (0.00)
UHS 0.06 (0.02) 0.05 (0.01)  0.05 (0.01) 0.06 (0.01)
1PL = productive life (days from first calving to culling); S1, S2, and S3 = survival through lactations 1, 2, and 
3, respectively (survival = 1 if the cow survived that lactation; = 0 if the cow was culled during that lactation; 
= missing if the cow died before that lactation); FS = fertility-determined survival (1 = cow was not culled 
due to fertility; 0 = cow was culled due to fertility); UHS = udder heath-determined survival (1 = cow was not 
culled due to udder health; 0 = cow was culled due to udder health).
The differences found indicate that organic farmers 
have a lower tolerance for poor udder health, especially 
in Swedish Holstein cows, compared with conventional 
farmers.
Swedish Red. Most organically managed cows in 
Sweden are of the Swedish Red breed, which is com-
monly considered to be more robust than the Swedish 
Holstein. However, as no breed by environment interac-
tions have been found in organic and conventional pro-
duction in Sweden (Sundberg et al., 2009), the breeds 
are expected to react in the same way to changes in the 
environment. The different expectations of farmers may 
therefore be unfounded but still influence their decision 
making.
Genetic Correlations
Genetic correlations for longevity traits expressed 
in organic and conventional dairy production systems 
in Sweden are close to unity, except for fertility de-
termined survival in the Swedish Red breed which is 
significantly different from unity. The reason for this 
low correlation is not clear. Genotype by environment 
interactions do not exist for fertility traits in this breed 
(Sundberg et al., 2010), indicating that the same genes 
are important for fertility in both production systems. 
Still, the G×E found in this study indicates that dif-
ferent genes are important for fertility-determined sur-
vival, which may indicate differences in farmers’ culling 
criteria. Whether correlations of this magnitude (0.80) 
are low enough to justify development of a separate 
breeding program for organic production depends on 
population size, the structure of the breeding program 
and its cost (Nauta, 2009). The small organic popula-
tion, and the fact that G×E was only found for one 
of the longevity traits, does not justify development 
of either separate breeding values or separate breeding 
programs for Swedish Red cows in organic produc-
tion today. Thus, overall breeding values for longevity 
estimated for bulls in conventional production can be 
used in organic production. These results support the 
results of an earlier study (Sundberg et al., 2010) in 
which genetic correlations for production, fertility, and 
SCC were estimated between organic and conventional 
production. However, the organic standards and the 
conditions for conventional production vary to some 
extent between countries. Differences in management 
between organic and conventional production in differ-
ent countries, as well as differences in trait definitions 
and analysis models, make it difficult to generalize the 
results. Contrary to the Swedish results, Nauta et al. 
(2006b) show G×E between organic and conventional 
herds for production traits in first-lactation Holstein 
cows. Genetic correlations for longevity between other 
environments or countries have been shown to vary 
between 0.3 and unity (Haile-Mariam et al., 2008; Fora-
bosco et al., 2009).
Heritabilities
No distinct pattern was found regarding production 
system or breed for the heritabilities estimated for lon-
gevity traits in this study. The heritabilities estimated 
for length of productive life in both organic and con-
ventional production systems were higher than those 
found in literature (e.g., Strandberg and Roxström, 
2000; Roxström and Strandberg, 2002; Chirinos et al., 
2007), whereas the heritabilities for fertility- and udder 
health-determined survival were lower compared with 
those in the literature (Strandberg and Roxström, 2000; 
Roxström and Strandberg, 2002). The heritabilities es-
timated for survival through first lactation were of the 
same magnitude as those presented by Haile-Mariam 
et al. (2008). However, the heritabilities for survival 
increased with lactation number. The magnitude of 
heritabilities estimated for longevity traits in organic 
production indicate that breeding for longevity also 
within the organic system would be possible.
Future Scenarios for Organic Breeding
The conditions for breeding in organic production 
are likely to change in the future. Debate exists regard-
ing which reproduction techniques should be allowed 
in organic production, and the use of conventionally 
bred bulls (e.g., bulls from embryo transfer) may be-
come restricted. Furthermore, research about traits 
important in organic dairy production and the relative 
importance of different traits will show whether sepa-
rate breeding goals need to be developed for organic 
production. Growing organic populations and develop-
ment of less costly breeding programs than the ones 
used in conventional production today will increase 
the possibilities for an organic breeding strategy in 
the future. The use of genomic selection should also 
be considered for organic production, because it may 
increase the genetic gain in functional traits and can 
be used for increasing genetic diversity by identifying 
outcross bulls. On the other hand, genomic selection 
is expensive and requires a large reference population, 
which may limit use of the technique if the breeding 
should be performed entirely within the organic pro-
duction. The general absence of G×E between organic 
and conventional production in Sweden indicates, how-
ever, that the conventional reference population could 
be used in organic production.
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CONCLUSIONS
Genetic correlations between longevity traits ex-
pressed in organic and conventional dairy production 
in Sweden are generally close to unity. This indicates 
that no G×E of importance exists for longevity between 
the 2 systems, and development of specific breeding 
values for these traits for organic production is there-
fore not justified. However, the criteria for culling used 
by organic farmers tend to differ from those used by 
conventional farmers, which may express differences in 
farmers’ perspectives. This may in turn result in differ-
ent weightings of traits in the breeding goal.
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